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1.0 BACKGROUND

Space Systems/Loral (formerly the Space Systems Division of Ford
Aerospace), as participants in the High Temperature Superconductivity
Space Experiment (HTSSE), delivered 10 flight model devices to NRL for
HTSSE I. The delivered devices exhibit performance superior to any
superconducting microwave filters reported up to that time. The design
and performance of those 10 filters is documented in the final report for
contract number N00014-89-C-2248 entitled "Hybrid HTS/Dielectric
Resonator Bandpass Filter".

I It was felt that with a relatively minor re-design the performance of
the flight model filters for HTSSE could be significantly improved. This
report documents the re-design efforts and the measured performance
results of those efforts. The filters resulting from this re-design effort
exhibit performance superior to any superconducting microwave filter
reported to date.

Since the effort documented in this report is a continuation of the
work done on the 10 flight models delivered for HTSSE, this report
extensively references the final report delivered for contract number
N00014-89-C-2248 which is hereafter refered to as Reference 1.

2.0 INTRODUCTION

High temperature superconductors hold great potential for the
reduction of size, mass, and cost of satellite based microwave components
and subsystems, while at the same time offering dramatically improved
performance. The High Temperature Superconductivity Space Experiment
(HTSSE) program has served to accelerate the development of practical HTS
based microwave components for space and other applications. The work
documented in this report represents a significant advancement in the
state-of-the-art for superconducting microwave filters.

A typical communication satellite may include well over one hundred
bandpass filters in input and output multiplexers and other miscellaneous
functions. The performance of these filters is critical and for many
parameters may dictate the performance of the overall communication
channels. High temperature superconductivity offers the potential to
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I dramatically improve the performance of satellite filters, thereby
improving the performance of the overall channel.

Size and mass of satellite filters are also important parameters which

can be greatly reduced through HTS realizations. Given the numbers of
filters involved on a typical communication satellite, reductions in the size
and mass of filters can have a very substantial effect on the launch cost of
the satellite.

The current state-of-the-art for satellite filter technology is the use
of invar cavity and dielectric loaded cavity filters. For the HTSSE program,
we selected an approach which is an adaptation of the dielectric loaded
cavity filters currently used in satellites. This approach offers a number of
advantages over the conventional dielectric loaded cavity including the
following. These advantages are documented in Reference 1.

j Decreased size and mass

Dramatic performance improvements as a result of the following
effects

- The resistive losses from the cavity walls are nearly eliminated
as a result of the low loss superconductors

- The dielectric losses associated with the dielectric resonators is
at least an order of magnitude lower at cryogenic
temperatures as compared to room temperature.

The hybrid dielectric/superconductor resonator approach also has a
number of advantages as compared to planar superconductor filters
including the following.

1 No patterning of HTS films is required

I * Higher filter quality factors (Q) and, hence, higher performance can
be achieved

I Either thin film or bulk superconductors can be used. In fact any
superconductor can be used making it easy to select whicheverImaterial offers the highest performance.

Higher power handling capability before experiencing performance
Idegradation

| Tunability can be achieved much more easily.
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I As mentioned in Section 1.0 of this report Space Systems/Loral
developed the hybrid HTS/dielectric resonator filter concept for HTSSE and
delivered 10 flight model devices. The measured performance results of
the 3-pole, post resonator filters delivered among those 10 is summarized
in Table 2-1 below. A photograph of one of those filters is shown in Figure
2-1, and the measured performance for the best performing of those filters
is shown in Figure 2-2.

FILTER PART CENTER 20 dB USABLE INSERTION RETURN
NUMBER FREQUENCY BANDWIDTH LOSS LOSS
FAC A-01 9.225 GHz 127 MHz 0.21 dB 22 dB

FAC A-02 9.225 GHz 124 MHz 0.58 dB 30 dB
FAC A-03 9.215 GHz 85 MHz 0.25 dB 23 dB
FAC A-04 9.217 GHz 118 MHz 0.22 dB 23 dB

FAC A-05 9.235 GHz 96 MHz 1.24 dB 27 dB

Table 2-1: Summary of the Performance Characteristics of the 3-Pole
Filters Delivered for HTSSE I

While the filter performance shown in Figure 2-2 is outstanding, this
report documents the minor design modifications implemented to achieve
significantly superior performance.IR

II I I

Figure 2-1: Photograph of One of the Original Flight Model Filters
Delivered For HTSSE
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3.0 DESCRIPTION OF ACHIEVEMENTS

There are 4 contributions to the quality factor (Q) and insertion loss
of the hybrid HTS/dielectric resonator filters as listed below.

0 The dielectric resonators themselves - This contribution to the loss
is minor at cryogenic temperatures. As documented in Reference
1, these resonators have Q factors on the order of 150,000 at 77
Kelvin.

5 The retainers designed to hold the dielectric resonators in place -

The contribution to the loss from this component is minimized by
minimizing the quantity of the material used, and by selecting a
low loss material, in this case Rexolite.

* The conductive end plates in the post resonator configuration-
This is the dominant component of the loss in a conventional
realization. However, in the superconducting case, this component
of the loss approaches zero.

The conductive walls of the filter housing - This component of the
loss can be reduced by using a low resistivity material, i.e. copper,
and by increasing the distance from the dielectric resonator to the
the housing walls.

In the improved performance filters described in this report, efforts
were taken to minimize the loss contributions from each of the effects
described above. The most significant differences in the improved
performance filters described in this report as compared to the flight
models delivered for HTSSE are the following.

* The housing walls were designed to be at a greater distance from
the dielectric resonator pucks, hence, reducing the negative
impact on Q.

* The Rexolite retainers were re-designed to require less material,
hence, reducing the negative impact on Q.

• The improved performance filters were designed to have a
narrower bandwidth to highlight the superior performance.
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The improved filters were manufactured from HTS films having
surface resistance values approximately 1/20 that of copper at
77K. The films used were manufactured by Conductus Inc. using
off axis sputtering. These films were YBCO on LanthanumIAluminate. The microwave properties of the films used in these
devices are comparable to those used in the originally delivered
flight units.

Figure 3-1 shows a photograph of the filter resulting from the re-design
effort. Figures 3-2 and 3-3 show the measured performance of the re-
designed filter. The performance characteristics of the filter at 77 K are as
follows.

1 Center Frequency: 9.6 GHz

* 20 dB Return Loss Bandwidth: 45 MHz

* Insertion Loss: 0.09 dB

• Return Loss: 28 dB

1 Number of Poles: 3

* Calculated Equivalent Q Factor: Approximately 30,000

As illustrated by the data summarized above, the performance of the
re-designed filters was significantly improved as compared to the 10 flight
models originally delivered for HTSSE. This performance is significantly
superior to that of any superconducting microwave filter reported in the
literature to date. Unfortunately, this filter was not completed in time for
the space experiment.



a~~ OVUrumi/LMMM~iL Contract Number: N00014-91-C-2056
Page 7

esL

cc-

C4



O.AaU UvwuTmU/LrARL Contract Number: N00014-91-C-2056
Page 8

M CD

0
En o 0 -

00 0

0 0.- 
L.

mmCD toE

0

000
wZ

(4

c(n w In_ __

'C-1
II C1JCU
UU U U



MM*R MM U MU M/LaIAkL Contract Number: N00014-91-C-2056
Page 9

GI

4 I4

I too)

7-.--.W a-*~g 2 U -I

IL
,-q---------- W4. r

(n--T



I *, U UY'UTU~nIILm/L Contract Number: N00014-91-C-2056

Page 1 0

4.0 SUMMARY AND CONCLUSIONS

In this program, the novel, hybrid HTS/dielectric resonator filter
configurations developed for the High Temperature Superconductivity
Space Experiment were significantly improved by implementing minor
modifications to the physical package. Further performance improvements
can be achieved by making the dielectric resonators from sapphire as
opposed to the ceramic materials used in the filters documented here. The
performance could also be slightly improved by designing the housing to
have superconducting walls.

The resultant filters have important advantages over the
conventional filters currently used for satellite communications and over
other superconducting filter configurations. The results documented in
this report represent significant advances toward the practical application
of high temperature superconductivity to satellite communications.

During the time period the work described in this report was being
performed, Space Systems/Loral invented a series of new and novel
superconducting filter configurations as part of an ongoing IR&D project.
These new filter configurations offer the potential for significant
improvements above those documented in this report. Two publications
describing these new filter configurations are reprinted in the Appendices
of this report.
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APPENDIX A

REPRINT OF THE PAPER ENTMTLD "MINIATURE DUAL MODE
PLANAR FILTERS"
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MINIATURE DUAL MODE MICROSTRIP FILTERS 
U-

J.A. Curtis and S.J. Fiedziuszko

Space Systems/Loral
Palo Alto, California

ABSTRACT class of filters, based on (I), is especially well
suited for implementation using extremely low

Dual mode cavity arid dielectric resonator filters loss, thin film, high temperature
are the mainstay of satellite communications. In superconductors. Here we present a variety of
this paper, a new generation of planar dual mode dual mode microstrip resonator and filter
filters is introduced which offers significant size, structures as well as measured data for proof of
weight, and cost advantages over these previous concept filters based on this concept.
designs. All currently used elliptic function, self
equalized, etc. filter designs can be implemented DUAL MODE MICROSTRIP RESONATOR
in microstrip using this new concept. The STRUCTURES
proposed filter structures are ideally suited for
implementation using the recently discovered Figure 1 illustrates three dual mode microstrip
high temperature superconductors. Basic dual resonator structures that are the building blocks
mode resonator and filter structures are of a new class of dual mode planar filters. In
discussed, and experimental data for proof of each of these structures, a perturbation has been
concept filters implemented using both normal added to a previously single mode resonator at a
and superconducting microstrip are presented. point that is 45 degrees from the axes of coupling

to the resonator. The perturbation in thesymmetry of the resonator at the 45 degree

INTRODUCTION offset location facilitates coupling between two
orthogonal modes within the resonator. The axes

Design techniques for single mode microstrip of coupling to the resonator are orthogonal, so
filters such as broad side edge coupled filters each couples energy independently to and from
have long been established. However, these only one of the orthogonal modes within the
filters are of limited utility for most high resonator as is required to realize dual mode
performance microwave applications due to their filters of more than two poles. The perturbations
typically high insertion loss and impracticality can take on any number of forms, and the extent
for filter pass bands of less than 5%. The high to which they disturb the resonant fields,
performance requirements for communication determines the coupling coefficient between the
satellite frequency multiplexers typically require two orthogonal modes. The perturbations shown
the use of dual mode cavity or dielectric in Figure 1 were chosen because of their
resonator filters to realize self equalized, quasi- repeatability, symmetry, and tunability.
elliptic responses having pass bands often less
than 1%. Cavity and dielectric resonator filters The square resonator of Figure 1 is an adaptation
have the the drawbacks of relatively large size of a single mode resonator commonly used for
and high cost. microstrip patch antennas and previously used

as a discriminator (2,3). The circular resonator is
In this paper, we introduce a new class of dual an adaptation of a single mode disk resonator
mode planar filters that are ideally suited for the that is also used in microstrip antennas and has
realization of narrow band, quasi-elliptic, and been used previously to realize single mode
self equalized responses and offer significant microstrip filters (2,4). The dual mode ring
size, weight and cost reductions as compared to resonator is an adaptation of the single modecavity and dielectric resonator designs. This new resonator commonly used for a variety of

443
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3 / In/Out In/Out

Ground

I ~ ~~Dielectric ii : '

Dual Mode Dual Mode Dual Mode Substrate
Disk Resonator Square Patch Ring Resonator Planar Dual Mode~Resonators

I Figure 1: Three dual mode microstrip resonators Figure 3: Realization of a dual mode, four pole,
that are the building blocks for a new class of Chebyshev, microstrip filter using disk
planar dual mode filters. resonators.

purposes including microstrip transmission line orthogonal modes is a result of the asymmetry.
evaluation. Perturbations in ring resonators A similar four pole filter realized using dual
have been used previously to excite degenerate mode microstrip disk resonators is illustrated in
modes, but to our knowledge have not previously Figure 3.
been used to to realize multi-pole (n>2) dual
mode filters (5,6). One of the principle advantages of this new class

of planar filters over other classes of microstripDUAL MODE MICROSTRIP FILTER filters is that it facilitates the practical realization

CONFIGURATIONS of elliptic and quasi-elliptic function responses.
Figures 4 and 5 illustrate two dual mode

The resonators described in the previous section microstrip realizations of elliptic function filters.
can be arranged in a number of ways to realize The required cross coupling is implemented
dual mode microstrip filters. In this section, we using short sections of microstrip.
present a few of the feasible configurations. The
sketch in Figure 2 illustrates a dual mode, four In/Out In/Out

pole, Chebyshev filter realized using two square
patch resonators. The arrows represent the dual
orthogonal modes facilitated by the asymmetric D e i ?
cut away" corner geometry. Coupling to and

from the resonators is facilitated by capacitive
microstrip gaps, and the coupling between the SubsetrcSubstrate

Ground Plane ~ :< >.>..:7

I ..:ijj. .4.:.. ual Mode Planar Resonators
... ........ ..........

.. ...... Figure 4: Four pole, dual mode, elliptic function
_X microstrip filter using square patch resonators.

ILI * 9 o*,oml
IN OUT

Figure 2: Sketch of a dual mode, four pole,
microstrip filter. The arrows represent the
orthogonal modes within the resonators.

Figure 5: Realization of an eight pole, dual mode,
elliptic function, microstrip filter.
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Figure 6: Photograph of two pole, dual mode POC Figure 8: Photograph of a dual mode,
filter, superconducting, ring resonator filter.

I. Mo IAO 221/M lot MWE 1. NA 10In"
POF -4.22 do M *. -do MF -1. d- ge 0.

S. a dill/ 3l.O 4W 5. a ds,/ 5l.0ld

* __; ___ _, ........

I 4 .88 44

I o. I.tzONOIA i.52*Om a olal-tMON 20086" 11

Figure 7: Measured performance of the filter Figure 9: Measured performance of the filter
shown in Figure 6 illustrating two well defined shown in Figure 8 at 77K. Superconductors rnapoles. be used to fabricate high Q, dual mode,

microstrip filters.
~EXPERIMENTAL RESULTS

using a checker board pattern in the
Proof of concept (POC) filters using both normal metallization at one corner of the patch.
(copper/gold) and thin film superconducting
microstrip have been fabricated to demonstrate Figure 8 is a photograph of a 2 pole. dual mode.
this concept. Figure 6 is a photograph of a dual ring resonator filter that was implemented using
mode, POC, two pole filter realized using a square the high temperature superconductor YBCO on a
patch resonator, and Figure 7 is a plot of its lanthanum aluminate substrate. Coupling
measured performance. In this filter, the between the orthogonal modes is implemented
asymmetrical perturbation is implemented by by the silver stub on the ring. Figure 9 is a plot

of the performance of this POC filter measured at
at 77 Kelvin. As compared with an identical
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ultimately be realized using high temperature
superconductors. The asymmetrical
perturbations required for dual mode behavior
were implemented using dielectric tuning
elements.

CONCLUSIONS

In this paper we have introduced a new
generation of planar dual mode filters. These
filters can be used to implement the ellipticI function, self equalized, narrow band responses
required for satellite communications, but are
significantly smaller, lighter, and potentially less
expensive than the dual mode cavity and
dielectric resonator filters currently used. This

Figure 10: Photograph of a four pole, dual mode new class of filters is ideally suited for
microstrip filter that is currently being fabrication from thin film high temperature
optimized. superconductors to achieve high Q performance.

A variety of these filters has been demonstrated
using both normal metal and superconducting

SE -l AO RE -7.11 dB microstrip. Superconducting realizations of this
RE 5.9 dB 10 -. 11 dB
5. 0 d,3/ 10.0 d/ new class of filters may be used to replace

r _ , ---- --- --- - bulkier, heavier filters currently used for
I -satellite communications.1 SPAN _7

1.5 GHz
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Dual Mode Microstrip Filters
I

A new generation of planar, dual mode filters is introduced which offers significant

size, weight, and cost advantages over previous designs.

I

I

JA. Curtis ual mode cavity and dielectric resonator
S.J. Fiedziuszko filters are the mainstay of satellite commu-

nications. In this paper, a new generationSpace Systems/Loral of planar, dual mode filters is introduced which
Palo Alto, California offers significant size, weight, and cost advantages

over these previous designs. All currently used fil-
ter designs, such as elliptic function, self equalized,
and other common types can be implemented in
microstrip using this new concept. The proposed
filter structures are ideally suited for implementa-
tion using the recently discovered high temperature
superconductors. Basic dual mode resonator and
filter structures are discussed, and experimental
data for proof of concept filters implemented using
both normal and superconducting microstrip are
presented.

Previous dual mode filters for microstrip wereIlimited to 5% bandwidth.

Design techniques for single mode microstrip fil-
ters such as those illustrated in Figure 1 have long
been established. However, these filters are of
limited utility for most high performance micro-

186 APPLIED MICROWAVE Fall 1991



i_!____dual mode microstrip resonator and filter struc-
*! ~tures as well as measured data for proof of concept

filters based on this concept.

- - Dual Mode Microstrip Resonator Structures
Figure 1. Illustrations of commonly used, single mode Figure 3 illustrates three dual mode microstrip
microstrip filter configurations. On the left is the broad- resonator structures that are the building blocks ofside edge coupled configuration, and the interdigital con- a new class of dual mode planar filters. Variations

of these geometries may also be used to implement

wave applications due to their typically high inser- dual mode filters. In each of these structures, a
tion loss and impracticality for filter pass bands of perturbation has been added to a previously single
less than 5%. It is also very difficult, if not impracti- mode resonator at a point that is 45 degrees from

cal, to realize self equalized, elliptic function re- the axes of coupling to the resonator. The perturba-
sponses using these single mode structures. Figure tion in the symmetry of the resonator at the 45
2 illustrates the superior selectivity and insertion degree offset location facilitates coupling between

loss performance of an elliptic function filter as two orthogonal modes within the resonator.
compared to a Tchebyscheff filter having the same
number of poles, and equivalent bandwidths and
quality factors.

10 Chebychev-Dashed Elliptic.Solid 1.5

RRejection 1 go.
e -10 0.5 L"
-20 0s Figure 3. Illustration of three dual mode microstrip reso-

t-30 ..... -0.5 nators that are the building blocks for a new class of
n ... Loss d planar dual mode filters.

-o-1.5 The axes of coupling to the resonator are ortho-
-60 .2 gonal, so each couples energy independently to and
-70 -25 from only one of the orthogonal modes within the

3950 3975 4000 4025 4050 resonator, as is required to realize dual mode filtersFrequency (MHz) of more than two poles. The perturbations can take

Figure 2. Plots contrasting the performance of Tchebys- on any number of forms, and the extent to which

cheff and elliptic function filters. they disturb the resonant fields, determines the
coupling coefficient between the two orthogonal

The high performance requirements for commu- modes.
nication satellite frequency multiplexers typically
require the use of dual mode cavity or dielectric
resonator filters to realize group delay equalized, The dual mode square resonator is an
quasi-elliptic responses having pass bands often adaptation of a microstrip patch antenna.
less than 1%. Cavity and dielectric resonator filters
have the the drawbacks of relatively large size and
high cost as compared to planar filter structures. The square resonator of Figure 3 is an adaptation

In this paper, we introduce a new class of dual of a single mode resonator commonly used for mi-
mode planar filters that are ideally suited for the crostrip patch antennas and previously used as a
realization of narrow band, quasi-elliptic, and self discriminator [3,4]. The circular resonator is an ad-
equalized responses and offer significant size, aptation of a single mode disk resonator that is also
weight and cost reductions compared to cavity and used in microstrip antennas and has been used pre-
dielectric resonator designs. This new class of fil- viously to realize single mode microstrip filters
ters, based on [1,2], is especially well suited for [3,5]. The dual mode ring resonator is an adapta-
implementation using extremely low loss, thin film, tion of the single mode resonator commonly used
high temperature superconductors for high per- for a variety of purposes including microstrip trans-
formance applications. Here we present a variety of mission line evaluation. Perturbations in ring reso-

APPLIED MICROWAVE Fall 1991 87



K nators have been used previously to excite degener- Dual Mode Microstrip Filter Configurations
ate modes, but to our knowledge have not The resonator and coupling structures described
previously been used to to realize multi-pole (n > 2) in the previous section can be arranged in a number
dual mode filters [6,7]. of ways to realize dual mode microstrip filters. In

Coupling energy to and from the dual mode reso- this section, we present a few of the feasible con-
nators of Figure 3 can be accomplished in a number figurations. The sketch in Figure 6 illustrates a dual
of ways as illustrated in Figure 4. Variations of mode, four pole, Tchebyscheff filter realized using
these coupling structures can also be used. The two square patch resonators. The arrows represent
capacitive gaps in Figure 4 are well suited for imple- the dual orthogonal modes facilitated by the asym-
menting small coupling coefficients; the direct cou- metric "cut away" comer geometry. Coupling to
pled lines work well for large couplings, and the and from the resonators is facilitated by capacitive
edge coupled lines work well for intermediate cou- microstrip gaps, and the coupling between the orth-
pling coefficients. ogonal modes is a result of the asymmetry.

Coupling to dual mode resonators can be
effected with capacitive gaps as well as both
direct and edge coupled lines.

Capacitive Gap Direct Coupled Line Edae Coupled

-. ii. I I
Figure 4. Illustrations of some coupling structures which I N OUT
may be used to couple energy into and out of dual mode
microstrip resonators. Figure 6: Sketch of a dual mode, four pole, microstrip

filter. The arrows represent the dual orthogonal modes

Coupling between the dual orthogonal modes within the resonators.
within each resonator can also be accomplished us-
ing a number of physical perturbations to the reso-
nator symmetry. Some possible perturbations As already noted, one of the principal advantages
which work well are illustrated in Figure 5. These of this new class of planar filters over other classes

, perturbations were chosen because of their repea- of microstrip filters is that it facilitates the practical
tability, symmetry, and tunability. While these realization of self equalized, elliptic and quasi-el-
structures are shown as examples, a large variety of liptic function responses. Figures 7 through 9 illus-
perturbations may be used. trate three dual mode microstrip realizations of el-
_ _ _ _ _ _ _ __ liptic function filters. These figures include

Intercoupling of the dual modes can be illustrations of four and eight pole filters using both
accomplished with physical perturbations to the square and disk, dual mode resonators. The re-

resonators. quired cross coupling is implemented using short3 rsections of microstrip transmission line.

"Corner Cut" Stub Dielectric /

Figure 5. Illustrations of some physical perturbations
which may be used to Implement the coupling between Figure 7. Realization of a four pole, dual mode, elliptic
the orthogonal modes of a dual mode planar resonator. function microstrip filter using square patch resonators.
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In/Out In/Out mode, POIC, four pole Tchebyscheff filter realized
using two square patch resonators, and Figure 11 is
a plot of its measured performance.

ielectric ___SubstrateI !

Ground Plano N 0  
R R

R 0 JT

Dual Mode Planar Resonators --
50 N5

Iguloe circular diskZ:resonato diss.r 0iSI

d N

Susrt FREOUENCY (MHZ)

Groud P~no ~ , 7 ~A ~ ~ ' Figure 11. Measured insertion loss and return loss per-

Dual MdeU Planar Resonators formance of the filter shown in Figure 10.

Figure 9. Realization of an eight pole, dual mode, elliptic Figure 12 is a photograph of a four pole, dual
function, microstrip filter, illustrating how the structures mode, elliptic function filter, and Figure 13 is a plotof Figures 7 and 8 can be extended to implement filters O f i s
any desired number of poles. This architecture can also o t esrdpromne hsfle sipe
be used to Implement self-equalized fitwes. mented using a combination of capacitive gaps and

directly coupled lines for coupling between the res-IExperimental Results onators and the "cut away" corner geometry to fa-
Proof of concept (POC) dual mode filters using cilitate coupling between the orthogonal modes

both normal (copper/gold) and thin film supercon- within the resonators. These plots clearly exhibitIducting microstrip have been fabricated to demon- transmission zeros characteristic of elliptic function
strate the feasibility of this dual mode microstrip performance, illustrating the feasibility of dual
filter concept. Figure 10 is a photograph of a dual mode, elliptic function, microstrip filters.

St

S 30..,, '; ' ' - 0 S

3 -4 2L1 2 3 4

Figure 10. Photograph of a proof of concept, 4-pole, dual Figure 12. Photograph of a proof of concept 4-pole, e-
mode, fier Implemented using copper/gold m4crostrIp liptic function, dual mode, filter Implemented using cop-
on an alumina substrate, per/gold mlcrostrip on an alumina substrate.
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Figure 13. Measured insertion loss and return loss per-3 formance of the filter shown in Figure 12.

The performance plot of Figure 13 exhibits some
asymmetry as a result of couplings between nonad- -M
jacent poles. This can be corrected by increasing C v
the spacing between the resonators. However, this
plot clearly demonstrates the feasibility of dual
mode elliptic function filters in microstrip.

Figure 14. Photograph of a two pole, dual mode, super-
conducting, ring resonator filter.

Dual mode microstrip filters can use thin film,
high temperature superconductors
advantageousty. ,o__iI _ - - -

N 0R
S EE -1I! ' \

Dual mode microstrip filters can be implemented R 0 U
using thin film superconductors for high perform- I i I R
ance applications. Figure 14 is a photograph of a 2 N 20 0 LI \ , .
pole, dual mode, ring resonator filter that was im- L02 _ t". 5

plemented using the high temperature supercon- 0 - i - rS 30!-1

ductor YBCO on a lanthanum aluminate substrate. s
The coupling between the dual orthogonal modes is d 40 2

facilitated by the silver stub on the ring that is locat- B40 - " - _ - ______ -

ed approximately 45 degrees from the axes of cou- 45* - _ ! _ ______253885 4885 5885

pling to the filter. FREQUENCY (MHz)

Figure 15 is a plot of the performance of this
POC filter measured at at 77 Kelvin. As compared Figure 15. Measured performance of the filter shown in
with an identical circuit fabricated from a normal Figure 14 at 77K. Superconductors may be used towithan denica ciruitfabicaed fom nomal achieve high performance, dual mode, microstrip filters.

metal microstrip, this superconducting filter exhib-

its more than a 3 dB improvement in insertion loss.
A new class of microstrip resonator has been

introduced which is ideally suited for fabrication
from thin film, high temperature superconductors ducting realizations of this new class of filters may
to achieve high Q performance. A variety of these be used to replace bulkier, heavier, more costly
filters has been demonstrated uing both normal filters currently used for satellite communications
metal and superconducting microstrip. Supercon- as illustrated in Figure 16.
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Each of the filters in Figure 16 operates at C- 3. I.J. Bahl and P. Bhartia, Microstrip Antennas, pp. 32,85,
band and may have performance similar to the oth- Artech House, Dedham, Mass., 1980.
band asuing mays peroucince tifilmare ted o - 4. B. Glance and WW Snell "A Discriminator - Stabilized Mi-ers assuming superconducting thin films are used in crostrip Oscillator', IEEE Trans MTT, October, 1976.
the microstrip filter. The current technology of 5. L. Zhuang, L. Yu-Quan, and G. Zhong-Min, "Microstrip
choice is dielectric resonator filters because they Disk Cavities Filter Using Gap Capacitances Coupling,"

are relatively small and light in comparison to wave- 6IEEE MTT-S Digest, 1988.
6. M. Guglielmi, "Microstrip Ring-Resonator Dual-Mot'e Fil-guide post and cavity filters. However, as illustrated ters," Workshop on Microwave Filters For Space Applica-

in the photograph, superconducting dual mode mi- tions, ESA/ ESTEC, 1990.
crostrip filters may offer significantly smaller size 7. I. Wolfe, "Microstrip Bandpass Filter Using Deg-rrate

Modes of a Microstrip Ring Resonator," Electronics Letters,
and lower mass while at the same time offering Vol. 8, No. 12, 15 June, 1972.
significantly lower cost as a result of printed circuit
fabrication techniques.
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Figure 16. Photograph of some alternative satellite stitutions, including Space Systems-bandpass filter technologies. From left to right are wave- /Loral, Ford Aerospace, LDVElectro
guide post filter, dual mode cavity filter, dual mode di- Science Industries, Syracuse Universi- -lx
electric resonator filter, and dual mode microstrip filter. ty and the Institute of Electron Tech-

nology of the Polish Academy of Sci-
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nication satellite payload components
including dielectric resonator filters
and oscillators and contiguous multi-
plexers. He is current the Supervisor
of the Advanced Microwave Development Section of Space Sys-
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